Enteral nutrition (EN) is considered to be a more appropriate method than parenteral feeding for providing nutrition to critically ill children. However, children who undergo cardiac surgery are at high risk of postoperative gastrointestinal complications during EN. The purpose of this study was to demonstrate the safety and efficacy of our EN feeding protocol after paediatric cardiac surgery through comparison between a single-centre prospective case series and historical cases. Forty-seven children who were admitted to the ICU after cardiac surgery were enrolled ('post group'). Data for these children were compared with a similar cohort of children who were admitted before the implementation of the feeding protocol (n=62; 'pre group'). The incidence of complications including vomiting, necrotising enterocolitis and hypoglycaemia; the time until the initiation of EN; and the changes in calories provided were compared between the groups. The frequency of vomiting was significantly lower in the post group than in the pre group (36.2% versus 58.0%, P=0.038), and necrotising enterocolitis did not occur in either group. The time until the initiation of EN and the total calories provided did not differ significantly; however, in the post group the proportion of energy provided by parenteral nutrition was significantly smaller (P <0.001), and provided by EN was significantly larger (P=0.003), than in the pre group. The frequency of hypoglycaemia was similar in both groups. This study showed that our EN protocol resulted in adjustments to calories provided via EN versus parenteral nutrition after paediatric cardiac surgery, and reduced the frequency of vomiting.
Nutrition therapy has recently been suggested to be important for paediatric intensive care patients and several reviews and guidelines about this topic have been published [1] [2] [3] . The American Society for Parenteral and Enteral Nutrition (ASPEN) clinical guidelines state that enteral nutrition (EN) should be the preferred mode of nutrient provision for critically ill children, providing that it can be tolerated 2 . Children with congenital cardiac disease are at greater risk of malnutrition than other children 4 . In addition, Leite et al reported that serum albumin concentrations of less than 30 g/l might be associated with worse outcomes in the period after cardiac surgery 5 ; therefore, the early provision of nutrition therapy after paediatric cardiac surgery is considered to be very important.
The above-mentioned guidelines indicate that aggressive feeding protocols can enhance the overall delivery of nutrition 2 . Since these guidelines were published, several studies have demonstrated that EN protocols are effective in critically ill children [6] [7] [8] . Meyer et al demonstrated that the use of an EN feeding protocol improved the time to target nutrition and the delivery of EN and decreased the use of parenteral nutrition (PN) in paediatric ICUs 6 . However, there are many barriers to the provision of nutritional care after cardiac surgery, including haemodynamic instability, fluid limitations, gastrointestinal motility disorders caused by the use of catecholamine agonists or opioids, chylothorax, and necrotising enterocolitis (NEC) 9 . NEC is a potentially lethal complication and has an incidence of about 3% to 10% [10] [11] [12] . In a study in which 27% of patients had undergone cardiac surgery, Tume et al showed that the use of an EN feeding protocol improved calorie delivery in the paediatric ICU setting 7 , and other studies have shown that EN feeding protocols are effective at reducing the risk of NEC in patients with congenital cardiac disease 8, 13 . On the other hand, few studies have evaluated the effects of EN feeding protocols on the nutritional support provided after paediatric cardiac surgery.
In September 2012, we implemented an EN protocol to improve the delivery of nutrition and decrease the frequency of complications in the immediate postoperative period after paediatric cardiac surgery. In this before-and-after study, we investigated the safety and efficacy of our protocol compared with the nutritional care that was previously provided at our hospital. 
Materials and methods
This was a single-centre study in which a prospective case series was compared with historical cases and was conducted at Nagoya City University Hospital from June 2010 to April 2014. The study protocol was approved by the Research Ethics Committee at Nagoya City University and registered at the University Hospital Medical Information Network Clinical Trials Registry (000009323).
From September 2012, an enteral feeding protocol for children who had undergone cardiac surgery ( Figure 1 ) was introduced in our ICU. All children who were admitted to the ICU and stayed more than 72 hours were enrolled in this study (post group). Children were excluded if they were less than one month old, chylothoraxic, had a gastrostomy tube, at high risk of NEC (i.e. those with coarctation of the aorta or hypoplastic left heart syndrome), haemodynamically unstable with increasing catecholamine dosage, supported on extracorporeal membrane oxygenation, or suffered gastrointestinal bleeding. The post group was then compared with a similar cohort of children who were admitted to our ICU from June 2010 to August 2012; i.e. the methods of administration of EN were not standardised before the introduction of the feeding protocol (pre group).
The protocol was based on those used in previous studies [6] [7] [8] but was modified so that it was compatible with our medical care system. After a child was admitted to the ICU after cardiac surgery, the medical staff, including cardiac surgeons and intensive care specialists, discussed the necessity of EN. Once the protocol was initiated, the target daily energy requirement was calculated. Clinical guidelines showed that indirect calorimetry should be used to estimate energy requirement in the critically ill child 2 . In this population, energy expenditure was calculated at about half of that of healthy children. In our hospital, there is no indirect calorimeter, so we set the target daily energy requirement at about half of that estimated by the World Health Organization equation (1 to 5 months: 55 kcal/kg/ day; 6 to 12 months: 50 kcal/kg/day; 1 to 2 years: 45 kcal/ kg/day; >3 years: 40 kcal/kg/day). Milk (<12 months) or formula (>1 year) was administered via gastric feeding tube. The initial dose of EN was set at 10% of the target daily dose, and this was administered four times a day, each dose infused over four hours (daily dose 40% of target). The following day, if residual gastric volume (assessed just before each dose was commenced) was less than half of the volume of the previous dose, then the dose was increased by 5%, and this process was continued with each dose until the energy requirement was met ( Figure  1 ). By administration this way, the dose of EN reached the target on day four from the start of EN, at the earliest. The methods of administration of PN were not standardised.
The following data were collected for both groups: demographic data; the Risk Adjustment in Congenital Heart Surgery System score; the Pediatric Index of Mortality 2 score; surgical data including the cardiopulmonary bypass time and aorta cross-clamping time; nutritional data including the amount of calories delivered via EN and PN on five consecutive days after the start of EN; the time to the first EN dose and passage; the catecholamine index when the start of EN; the frequency of complications including vomiting; hypoglycaemia; the duration of ventilator support; and the lengths of the patients' ICU and hospital stays. Blood samples were collected from the radial artery. Plasma glucose levels were measured every six hours from 0600 hours using an ABL800 FLEX blood gas analyser (Radiometer, Tokyo, Japan).
Analysis
The primary outcome was to detect a difference of the frequency of gastrointestinal complications related to nutrition, including vomiting. Based on previous investigation, the frequency of vomiting at our ICU was about 60%. We thought that the protocol would reduce the frequency by at least 50%, so that the difference-0.3-was almost acceptable to the effect size of clinically significant difference. A total sample size of calculation demonstrated that about 48 patients would be required in each group at a significance level of 5% and 80% power. For the failed case to meet complete protocol and be applicable for consideration, we required more than 60 patients for each group. The number of the pre group was matched with that of the post group who met the inclusion criteria and used the protocol.
The statistical package (Sigma Plot 12.5, San Jose, CA, USA) was used for the statistical analyses. Data are presented as median values with range and categorical data as numbers. Demographic information, score values, intraoperative and postoperative data and clinical outcomes were compared using the Mann-Whitney U test. Numerical data including those for EN and PN delivery and total calorie intake were compared between the two groups using twoway repeated measures ANOVA. Categorical data were analysed using the chi-square test. For all analyses, P-values of less than 0.05 were considered to be significant.
Results
In total, 418 children who underwent elective surgery had their eligibility to participate in this study assessed ( Figure  2 ). Of these, 63 children who met the inclusion criteria were enrolled into the pre and post group, respectively. One patient was excluded from the pre group due to malabsorption (n=1), and 16 patients were excluded from the post group due to malabsorption (n=2), chylothorax (n=1) or failure to complete the protocol (n=13). There were no significant differences between the two groups in terms of their demographic data, Risk Adjustment in Congenital Heart Surgery System scores, Pediatric Index of Mortality 2 scores or intraoperative and postoperative information including the duration of ventilator support, ICU stay, hospital stay and mortality rate (Table 1) , nor were there any differences in the frequency of each diagnosis ( Table 2) . Table 3 shows the frequencies of complications and other selected outcomes. The frequency of vomiting was significantly lower in the post group than in the pre group (n=17 versus n=36, P <0.05); NEC did not occur in either group. The frequency of hypoglycaemia was similar in both groups (n=7 versus n=8, P=0.986).
The postoperative time to the start of EN were similar in both groups, but the postoperative time to passage was significantly shorter in the post group than in the pre group (2.0 versus 3.0 days, P <0.05). Figures 3, 4 and 5 show the calories delivered by EN and PN and the total calories delivered (EN+PN) during the first five days of postoperative nutritional care. The total amount of calories provided did not differ significantly among the groups, but in the post group the proportion of energy provided by PN was significantly smaller (P <0.001) and provided by EN was significantly larger (P=0.003) than in the pre group.
Discussion
In this study, we demonstrated the safety and efficacy of an EN feeding protocol for delivering nutritional support after paediatric cardiac surgery. After the protocol was introduced, the frequency of vomiting reduced, the calories delivered via EN increased and the calories delivered via PN decreased without any increase in the frequencies of complications such as NEC and hypoglycaemia.
In general, malnutrition in paediatric intensive care patients results in increased morbidity and mortality 1 . Patients who undergo paediatric cardiac surgery are under a great deal of stress due to the invasiveness of the procedure, the effects of cardiopulmonary bypass and potential postoperative cardiac failure. In addition, fasting from the preoperative to postoperative period can result in malnutrition, which can lead to a loss of lean body mass and the deterioration of organ function 9 Feeding protocols are considered to be safe and effective at reducing the frequency of gastrointestinal complications and improving nutrition delivery without increasing the risk of other complications in both adults and children. Even among patients with congenital cardiac disease, the use of feeding protocols was found to reduce the incidence of NEC despite the median time to the achievement of the recommended daily allowance of calories being shortened 8, 13 . However, our protocol differed in two points from those used in previous studies.
Firstly, the calorie delivery goal was set to half of the energy needs of healthy children. The ASPEN clinical guidelines recommend the use of indirect calorimetry to estimate energy consumption in critically ill children to avoid detrimental overfeeding 2 , but our hospital does not have the equipment required to perform indirect calorimetry in children. Using indirect calorimetry, Nydegger et al showed that the mean energy expenditure of infants of less than one year old was 49±9 kcal/kg/d at one week after cardiac surgery 14 . In addition, Li et al showed that the energy expenditure of infants who were less than three months old was about 40 kcal/kg/d during the first three days after surgery 15 . On the other hand, healthy infants less than one year old are known to require about 90 to 110 kcal/kg/d. Accordingly, we set the optimal postoperative energy target to half of the energy needs of healthy children.
Secondly, the timing for increase of calories is once per 24 hours, at most. In previous studies, the amount of calories provided via EN was increased after every residual volume assessment. However, there is insufficient evidence to suggest that the degree of absorption can be accurately assessed by evaluating the residual volume using a gastric tube 16, 17 . In addition, paediatric patients who undergo cardiac surgery are at high risk of gastrointestinal function disorders so we avoided rapidly increasing the EN dose. Previously, we employed a method in which we increased the amount of calories provided via EN every 24 hours and we continued to follow this approach in the present study providing that good absorption of the previously provided nutrition was observed.
Previous studies have suggested that the beneficial effects of EN feeding protocols can be ascribed to the early provision of enteral feeding, the optimised delivery of nutritional support, the institution of an aggressive bowel movement regimen and improvements in the educational levels of all staff members 8, 18 . In the present study, the frequency of vomiting was significantly lower in the post group (36.2%) than in the pre group (58.0%). Some studies have shown that the incidence of vomiting in critically ill children including patients of cardiac surgery was from about 10% to 50% 6, 19 .
In general, the following factors are associated with vomiting during nutritional care in the intensive care setting: the dose and dose rate of postoperative nutrition, the presence/ absence of gastrointestinal disorders, and other factors. Previously in our hospital, neither the dose nor the dose rate of postoperative nutrition was standardised, but the introduction of our protocol enabled the standardisation and optimisation of nutrition planning and increased the calories provided through EN. In addition, the protocol encourages the use of medication to aid bowel movement, which resulted in the time to passage after surgery being a day shorter in the post group. These improvements in nutrition delivery and gastrointestinal motility were considered to be responsible for reducing the frequency of vomiting.
Although the timing of the initiation of EN and the time courses of the changes in the total energy provided were similar in both groups, the calories provided via PN were significantly fewer in the post group than in the pre group. PN has been shown to be more expensive and carry a greater risk of nosocomial infection than EN 2 . Our protocol makes it possible to set appropriate nutritional targets and safely reduce the amount of nutrition provided via PN by increasing the calories provided via EN in a stepwise manner. In our ICU, we have always tried to provide nutritional care in a diligent manner and early EN was performed after paediatric cardiac surgery even before the implementation of protocol; therefore, the time to the initiation of EN did not differ between the two groups. However, the calories provided via EN during the first five days of nutritional support were higher in the post group, and the dose reached the target more often than was the case under our previous approach. Based on these results, feeding protocols involving the provision of EN after paediatric cardiac surgery are safe and allow the use of PN to be decreased.
Our study had several limitations. Firstly, the data for the pre group were retrospective. Generally, propensity score is used to control confounding by indication at observational studies. In this before-and-after study, all patients in the post group were implemented enteral feeding protocol for nutrition therapy and the sample size for primary outcome was small, so that we did not use that score. Actually, the two groups showed the background matched well (Table 1) .
Secondly, we could not observe the effects of our protocol on clinical outcome, such as ICU or hospital stay and mortality under this before-and-after study design.
More larger-sized patients were needed to analyse these outcomes. A multi-centre study suggested that early EN is associated with lower mortality in critically ill children 20 . In our study, the calories provided via EN were significantly greater in the post group. Further large-sized prospective studies with protocol-driven EN are needed in the future.
Third, although 63 children who met the inclusion criteria were enrolled into both groups, 13 children failed to complete the protocol in the post group. Most of them had been administered EN at a different rate or dose under medical supervision, so that we could simplify the complexity of the method of protocol.
Fourth, our study did not include any patients who were less than one month old, in whom a dosing interval of two hours has to be employed due to the increased risk of hypoglycaemia. However, neonates, especially those with extremely low birth weight or extremely preterm infants, are at the greatest risk of NEC 11 , so strict nutritional management in line with the protocol is necessary for these populations. Some studies have demonstrated the efficacy of feeding protocols using populations that included neonates 6, 7 . We should assess the safety and efficacy of our protocol for neonates in the future.
Conclusion
In conclusion, this study demonstrated that the implementation of an EN feeding protocol for children who underwent cardiac surgery reduced the frequency of vomiting. In addition, the protocol increased the use of EN delivery and reduced the use of PN after surgery without causing other complications such as hypoglycaemia or NEC. 
